WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
A61K 31/00 



A2 



(11) International Publication Number: WO 99/20260 

(43) International Publication Date: 29 April 1999 (29.04.99) 



(21) International Application Number: PCT/GB98/03122 

(22) International Filing Date: 19 October 1998 (19.10.98) 



(30) Priority Data: 

97220263 
60/067,819 
9810855.8 
60/094,902 



17 October 1997 (17.10.97) GB 

5 December 1997 (05.1Z97) US 

20 May 1998 (20.05.98) GB 

31 July 1998(31.07.98) US 



(71) Applicant (for all designated States except US): EUROGENE 

LIMITED [GB/GB]; Marquis House, 67/68 Jermyn Street, 
London SW1Y 6NY (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (far US only): MONTGOMERY, Hugh, 
Edward [GB/GB]; University College London Medical 
School, Dept. of Medicine, Centre for Cardiovascular 
Genetics, Rayne Institute, 5 University Street, London 
WC1E 6JJ (GB). MARTIN, John, Francis [GB/GB]; Saint 
Martin's House, Tottenham Court Road, London W1P 9LN 
(GB). ERUSALIMSKY, Jorge, Daniel [GB/GB]; University 
College London, The Wolfson Institute for Biomedical 
Research, Rayne Institute, Ground floor, 5 University Street, 
London WC1E 6JJ (GB). 



(74) Agent: GILL JENNINGS & EVERY; Broadgate House, 7 
Eldon Street, London EC2M 7LH (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IS, JP. KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, 17, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD. SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, Fi, FR, 
GB, GR, IE, IT, LU, MC, NL, PT. SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: THE USE OF INHIBITORS OF THE RENIN-ANGIOTENSIN SYSTEM 



(57) Abstract 

It has been found mat an inhibitor of the renin-angiotensin system is useful for the treatment or prevention of a condition associated 
with hypoxia or impaired metabolic function or efficiency. In particular, it may be used in connection with therapy of stroke or its recurrence, 
the acute treatment of myocardial infarction, and the treatment or prevention of wasting or cachexia, and is thus useful in treatment of the 
symptoms and signs of ageing. It may also be used to enhance function in healthy subjects. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DK 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/20260 PCT/GB98/03122 

1 

THE USE OF INHIBITORS OF THE RENIN-ANGIOTENSIN SYSTEM 
Field of the Invention 

This invention relates to the use of inhibitors of the renin-angiotensin system. 
Background of the Invention 
5 Wasting diseases may be categorised into generalised and localised wasting 

diseases. To deal first with generalised wasting, many disease processes can lead to 
aggressive generalised weight loss through either the inability to consume sufficient 
nutrients and energy sources, through their loss from the body (either enterally or in the 
form of cellular matter), or through an inability to absorb them. Other diseases are 
1 0 associated with marked weight loss quite out of proportion to any reduction in nutrient 
absorption or increase in nutrient loss. Such weight loss may have a metabolic origin. 
Severe cardiac failure as well as renal, hepatic and malignant disease processes are all 
associated with such inappropriate weight loss. Some neurological diseases, such as 
Parkinson's disease and syndrome are similarly related, as are conditions associated with 
15 inflammatory processes, such as severe sepsis or septic shock and autoimmune and 
connective tissue disorders. This weight loss may at best be disabling, and at worst 
associated with an increased mortality. Current treatment and preventative strategies 
largely focus on nutritional support. 

In localised wasting, disuse of any given muscle group (for instance due to 
20 musculoskeletal or neurological injury) may lead to wasting in the affected territory. 
There are currently no available treatments which are routinely used to slow or limit such 
wasting, nor which have been shown to accelerate the reversal of such wasting with 
appropriate exercise or after the cessation of the initiating disease state. 

Current strategies for the promotion of trainability and fitness have largely 
25 focused on alterations in training pattern. More recently, nutritional supplementation has 
been suggested using the manipulation of scale and nature of intake of carbohydrates, 
fats, vitamins and amino acids. The addition of other substrates, such as creatine 
derivatives, have also been used. Most such interventions are either currently unproven, 
or have been shown to have no or only modest influence. Endocrinological interventions 
30 have been attempted, including the use of androgens and other steroid hormones. The 
use of insulin or of growth hormone may also have a role. However, these treatments 
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may be associated with an unacceptable side-effect profile and also suffer from the 
disadvantage that they have to be parenterally administered (usually by intramuscular 
injection). Pharmacological manipulations are not currently available. 

The possibility of improving cardiovascular, and other organ, function is known 
5 in connection with the phenomenon of "preconditioning". The exposure of an organ - 
most notably the heart - to a brief period of reduced blood flow or oxygen supply has 
been shown to provide protection against a second more severe similar event which 
might otherwise prove lethal to cells or the organ itself. Much research is currently being 
undertaken in an effort to identify pharmacological agents which might mimic this 
10 process. None is available for routine clinical practice. 

The renin-angiotensin system (RAS) and its components may be described as 
follows. Briefly, cells of the renal juxta-glomerular apparatus produce the aspartyl 
protease renin which acts on the alpha-2 globulin angiotensinogen (synthesised in the 
liver) to generate angiotensin I (AI). This non-pressor decapeptide is converted to 
15 angiotensin II (ATII) by contact with the peptidyldipeptidase angiotensin-converting 
enzyme (ACE) (reviewed in (1)). ATE stimulates the release of aldosterone, and is also 
a potent vasoconstrictor. The renin-angiotensin system is therefore important in the 
maintenance and control of blood pressure as well as the regulation of salt and water 
metabolism. Renin, angiotensinogen and ACE have also been identified in 
20 cardiovascular tissues including the heart (2) and blood vessels, as has mRNA for 
components of this system such as angiotensinogen (3-5). Receptors for angiotensin II 
have been found on vascular smooth muscle cells (6). Within tissues, the RAS may 
therefore have a local paracrine function (reviewed in (7, 8)), and the expression of the 
different components can be altered by pathophysiological stimuli such as sodium 
25 restriction (5). Kinetic studies suggest that much of the circulating angiotensin I and II 
is derived from the both renal and non-renal tissues (9-1 1). 

ACE is a zinc metallo-protease which catalyses conversion of the inactive 
decapeptide ATI to the active octapeptide ATE thorough the hydrolytic cleavage of 
dipeptides from the carboxyl terminus His-Leu dipeptide. It also catalyses inactivation 
30 of bradykinin (a patent vasodilator) by two sequential dipeptide hydrolytic steps; in this 
context, ACE is also known as kininase II. 
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The presence of renin-angiotensin system (RAS) components in many animal 
species (such as locusts and elasmobranchs) suggests that they must have some other role 
than that of a conventional circulating RAS. This function must be fundamental and 
important in order to have been phylogenetically conserved over many millions of years. 
5 In fact, complete renin-angiotensin systems are now thought to exist within many human 
(and animal) tissues: physiologically-responsive gene expression of RAS components 
within these tissues, local generation of ATE, the presence of ATE receptors and the 
demonstration that these receptors are physiologically active have all been shown. Thus, 
angiotensinogen messenger RNA (mRNA) is identified in renal, neural and vascular 
10 tissues, and local synthesis may strongly influence its concentration in interstitial fluid 
(10). Renin mRNA (12) and product (13) is found in cultured mammalian vascular 
smooth muscle cells and throughout the vessel wall (13), and in rat ileum, brain, adrenal, 
spleen, lung, thymus and ovaries. Liver renin gene expression is physiologically 
responsive, being increased 3 -fold by sodium deprivation or captopril administration (14). 
15 Non-renin angiotensinogenases may also exist in tissues. A neutral aspartyl 

protease with renin-like activity has been demonstrated in canine brain (1 5, 1 6). Some 
(e.g. tonin, elastase, cathepsin G and tissue plasminogen activator) can cleave ATII 
directly from angiotensinogen (16). 

ACE expression occurs at high level in vascular endothelium, but also in the small 
20 intestinal epithelium, the epididymis ( 1 7) and brain (15). Tissue-specific/age-related ACE 
gene transcription occurs in renal tissue (where there is very high proximal tubular 
epithelial expression), and in cardiovascular, hepatic and pulmonary tissues (18). 

Such local systems may be paracrine in nature: receptors for ATE are classically 
described as existing on cell surfaces, allowing transduction of the effects of endocrine 
25 and paracrine ATII. However, true autocrine systems (intracellular production and 
actions) may also exist. ATE receptors may also exist on the cell nuclei. Specific 
binding sites for ATE exist on cellular chromatin which may regulate gene transcription 
(19,20). 

There are many marketed or investigation-stage agents which inhibit RAS 
30 activity, and many of them fall into two broad classes: the inhibitors of angiotensin- 
converting enzyme, whose approved names generally end in "-pril" or in the case of 
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active metabolites "-prilat", and antagonists at angiotensin receptors (more specifically, 
currently, the AT X receptor), whose approved names generally end in "-saltan". Also 
potentially of increasing importance may be a class of drugs known as neutral 
endopeptidase inhibitors, some of which will also have an ACE-inhibitory effect or the 
S potential to reduce RAS activity. 

Brink et al. (21) suggested that angiotensin II may have a metabolic effect in rats 
(in vivo experimental work) which is independent of its effects on blood pressure. 

There is evidence that angiot ensinogen gene expression is differentially modulated 
in fat tissue in obese rats when compared to their equivalent lean strain (22). 
1 0 ACE inhibition increases rabbit hind leg oxygen consumption at high work loads, 

but not at lower workloads (23). 

ACE inhibitor (ACEI) increases insulin-dependent glucose uptake into the 
skeletal muscle of an obese rat strain which exhibits relative insulin-resistance (24), and 
this may be kiran-dependent (25). Glucose transporter levels were elevated in this study* 
15 as they were sustained by AT! receptor antagonism in the diabetic rat heart (26). 

ATEL increases rat hind limb 0 2 usage and twitch tension (27). This paper 
concludes that the effects might have been due to effects on blood flow or 
neurotransmission and not to a direct metabolic effect. 

In heart failure in dogs, fatigue-resistant fibres are conserved by ACE inhibitor 
20 therapy (28). In rats, capillary density is maintained, and collagen volume reduced (29, 
30). 

Kininases (such as ACE) have been shown to exist in the cell membranes of 
human skeletal muscle (31). Thus, skeletal muscle RAS may exist (32). 

In vitro, ACE inhibitors cause an increase in myocardial oxygen utilisation. 
25 Whether this was due to increased or reduced efficiency was unclear (33). This work 
related to myocardial muscle extracts. This effect may be due to reduced kinin 
breakdown, and thus increased kinin levels, despite the fact that angiotensin n may 
modulate (and increase) kinin release (34). 

Other publications suggest an effect of ACE inhibitors or of angiotensin II on 
30 muscle performance or metabolism, but all of these have concluded that the effects are 
mediated by alterations in nutritive blood flow (35, 36). 
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In human forearm, kinins increase blood flow and glucose uptake, although again 
a direct effect of RAS, or an effect on performance, was not detailed (37). 

Lo sartan (an AT, antagonist) improves insulin sensitivity in human skeletal 
muscle (38). 

5 Other publications suggest no beneficial effect of ACE inhibition, amongst those 

with heart failure in muscle energy balance (39). ACE inhibition did not alter perceived 
work or maximal work capacity of 20 students on a bicycle ergometer (40). 
Summary of the Invention 

It has now been found that renin-angiotensin systems are implicated in the 

10 regulation of cellular metabolic efficiency, in the mechanical efficiency of tissue systems 
such as cardiac and skeletal muscle, and in the regulation of growth of cardiac and 
skeletal muscle. This observation leads to the possibility of down-regulating the activity 
of this system (thus reducing the action of the substance angiotensin II and increasing the 
activity of kinins) so as to enhance metabolic efficiency and enhance mechanical 

IS performance of tissues. Such enhancement allows improved management of diseases 
involving wasting (including severe inflammatory conditions, severe heart failure and 
malignant states), the ability to offer relative protection to tissues from periods of 
reduced oxygen supply and the ability to enhance human and animal physical 
performance. In summary, the present invention is based on the discovery of a previously 

20 unknown effect of RAS-inhibitors, i.e. for the promotion of metabolic function or 
efficiency. 

Improvement in metabolic function or efficiency may be seen as: improvement 
of cellular function and survival in the presence of low oxygen supply relative to demand; 
enhancement of mechanical performance of human skeletal and cardiac muscle; and/or 
25 enhancement of nutritional status. 

The invention therefore finds application in: 
a. the treatment and prevention of wasting disorders such as cachexia in malignant 

disease, acute and chronic sepsis, chronic hepatic diseases, end-stage renal 

disease, AIDS and immune system disorders, and cardiac failure; 
30 b. the promotion of cardiovascular fitness, human physical performance, and 

physical endurance and the improvement of the ability of these parameters to 
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respond to physical training, as well as helping sustain these parameters (this 
applies to the physical training of individuals, as well as to the training of muscles 
for specifically therapeutic purposes such as cardiomyoplasty); and/or 

c. influencing the alteration in body composition and/or morphology associated with 
5 exercise, by altering muscle and fat content. 

There is a need for new methodologies in these areas. This need applies 

particularly to humans, but where appropriate may also apply to the treatment of other 

mammals. 

In particular, the present invention utilises the availability of effective agents with 
10 low toxicity and side-effect profiles, and which may be administered enterally or 
parenterally, to allow manipulation of human physical performance. This may fell into 
four main areas: 

a. sporting applications, including improved sporting prowess and more rapid 
recovery of function and performance after injury; 
IS b. military and social situations where enhanced physical performance may be 
paramount, e.g. those encountered by military personnel, fire-fighters and police 
forces; 

c. the enhancement of performance in environments where oxygen supply is 
diminished, such as at altitude, and in disease states associated with low tissue 

20 oxygen delivery; and 

d. the enhancement of respiratory muscle training and recovery of respiratory 
muscle function after a protracted period of mechanical ventilation, thus aiding 
weaning from mechanical ventilation on intensive care units. 

Improved physical fitness would allow improved ability to complete tasks. 
25 Cardiovascular and cardiorespiratory fitness is also associated with reduction in mortality 
and morbidity rates from cardiovascular causes. 

Agents may be used, in accordance with the invention, to limit tissue damage (e.g. 
cerebral or cardiac) in the event of a clinical event of the type seen in connection with 
preconditioning, when applied to individuals at risk of such events (e.g. those at risk of 
30 stroke or heart attack, or those about to undergo a procedure associated with low 
oxygen delivery, such as coronary angioplasty or cardiopulmonary bypass). This effect 
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might also provide protection to cells and tissues, and ultimately to life, in those who are 
at risk of, or who suffer, exposure to global (rather than tissue-specific) low oxygen 
delivery. Such individuals would include mountaineers at high altitude (the function of 
whose organs, including the brain and heart, would be improved, thereby preventing 
5 damage to than) and those with severe circulatory failure. Others whh severe 
hypoxaemia who might also benefit include those with severe lung disease or circulatory 
derangements which are associated with profound hypoxaemia. Such conditions include 
infections such as pneumonia, adult respiratory distress syndrome, pulmonary embolic 
disease, pulmonary fibrosis, Eisenmenger's syndrome and cardiac left-to-right shunts. 
10 Altering the metabolic efficiency of tissues, as well as the mechanical efficiency 

of muscle function (and hence the metabolic demands of the body), would lead to 
alterations in body fat utilisation. Further, manipulation of muscle mechanical efficiency 
may also alter muscle growth. In this way, improving metabolic efficiency may alter the 
response of body morphology to a period of exercise training and to altered dietary 
1 5 intake. Such an improvement would also modify a system which may have direct trophic 
effects on muscle, and might therefore alter skeletal muscle growth by a second 
mechanism. An improvement in metabolic efficiency would also limit cardiac growth in 
response to severe exercise or pressure burden. 

Particular areas of interest, within the context of this invention, are the treatment 
20 or prevention of the effects of ischaemia, including global ischaemia, renal and intestinal 
ischaemia, stroke, unstable angina, stable angina, myocardial infarction (immediately after 
occurrence), peripheral vascular disease, cerebral palsy, chronic or acute respiratory 
diseases (which may be associated with hypoxaemia), including respiratory distress 
syndrome, interstitial lung disease, hypoxaemia, cor pulmonale, disorders involving a 
25 shunt between the pulmonary and systemic circulations, conditions causing hypoperfusion 
of vital organs, cardiac arrest, septic states including meningococcal septicaemia, sickle 
cell anaemia, CO poisoning and resuscitation from drowning. A use of interest and value 
is the prevention of hypoxia during birth, by administration to the mother, thereby 
potentially reducing the chance of the child being brain-damaged; this is particularly 
30 relevant if it is anticipated that the birth will be difficult. 
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Evidence presented below indicates that the effect of RAS inhibitors on 
mitchondrial function is consistent with the theory presented herein. It also explains the 
utility of such agents in cardiac problems, but broadens the scope of their utility, e.g. to 
non-cardiac uses, in brain, liver, kidney etc, and in skeletal muscle. Cells are able to 
5 function effectively under conditions of reduced oxygen availability, and/or to utilise 
oxygen more efficiently. Thus, in connection with the treatment or prevention of stroke 
or its recurrence, the penumbra of oxygen-starved cells around a clot or hemorrhage can 
function more efficiently. The stroke may be thrombotic or hemorrhagic, cerebrovascular 
or accident in origin. Further, a RAS-inhibhor may be of benefit in the transport or 
1 0 survival of transplanted organs. 

The invention has utility in therapy in general, in the treatment and also the 
prevention of adverse conditions. It has utility in treating symptoms associated with such 
conditions, e.g. wasting. It also has utility in enhancing performance where the subject 
would normally be regarded as healthy, i.e. without reference to any particular adverse 
15 condition. One particular area of interest is ageing, i.e. where the subject may or may not 
be ill, but where use of the invention can positively affect the well-being of the subject. 

Inhibitors of RAS have been given to subjects having raised blood pressure, and 
it may be that this will have provided effects associated with the present invention. An 
aspect of the present invention is the realisation that such agents are useful when the 
20 subject has normal blood pressure, and that the effects are independent of any effect on 
blood pressure. The invention is of value where undue reduction in blood pressure does 
not occur, or is not a problem. 
Description of the Invention 

The invention may be utilised to affect any RAS. Amongst other tissues, local 
25 tissue renin-angiotensin systems have been suggested in the brain, blood vessel wall, 
heart, intestine, liver and kidney. 

Having described the various components of the RAS above, it will be apparent 
that the system can be inhibited at various points. In principle, it is expected that any 
sufficiently non-toxic compound which is bioavailable and active to inhibit the RAS 
3 0 system at any suitable point can be used in the invention. This invention contemplates the 
administration of all such agents (either singly or in combination with each other and/or 
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with other classes of pharmacological agents), and also of pro-drugs which are converted 
in vivo to an active agent which inhibits RAS activity. Note that RAS inhibition need not 
be total inhibition; rather, sufficient inhibition to be beneficial in the invention is all that 
is required. In practice, it is preferred at the present state of knowledge to use in the 
5 practice of the invention any of the known RAS inhibitors which are either on the market 
or under investigation for their antihypertensive effects. 

Many inhibitors of the renin-angiotensin system are licensed or under 
investigation for use in humans in the United Kingdom and are compounds whose use 
is preferred in the practice of the invention. They include the ACE-inhibitors Quinapril, 
1 0 Captopril, Lisinopril, Perindopril, Trandolapril, Enalapril, Moexipril, Fosinopril, Ramipril, 
Cilazapril, Imidapril, Spirapril, Temocapril, Benazepril, Alacepril, Ceronapril, Cilazapril, 
Delapril, Enalaprilat and Moveltipril. Suitable angiotensin H-inhibitors include Losartan, 
Valsartan, Irbesartan, Candesartan, Eprosartan, Tasosartan and Telmisartan. 

The specific compounds listed may be useful in accordance with the invention in 
1 5 their free form, for example as the free acid or base as the case may be, and they may be 
useful as acid addition salts, esters, N-oxides or other derivatives as appropriate. The use 
of suitable pro-drugs (whether themselves active or inactive) and the use of active 
metabolites of RAS inhibitors are also within the scope of the invention. For example, 
alacepril is a pro-drug for captopril, and enalaprilat is an active metabolite of enalapril. 
20 Although ACE inhibitors and angiotensin II-receptor antagonists are presently the 

most widely developed classes of drugs suitable for use in the present invention, the 
invention is by no means limited to their use. Other inhibitors of the RAS system include 
renin inhibitors and neutral endopeptidase inhibitors: ACE inhibitors may work through 
both a reduction in ATII formation and through a reduction in kinin metabolism. Other 
25 agents may also inhibit kinin degradation, and as such have similarly beneficial effects. 
These classes of drugs include inhibitors of neutral endopeptidases, some of which also 
of ACE-inhibitory properties. The invention thus contemplates the use of all kininase- 
inhibitors and kinin receptor antagonists (such as bradykinin). 

In many circumstances, it may be that a combination of the tissue/metabolic 
30 effects of such antagonists to the RAS with their systemic effects {e.g. reduced blood 
pressure, reduced cardiac preload or afterload and vasodilatation) and other combined 
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effects (e.g. ventricular remodelling) may be of value. Such circumstances might be in 
the treatment of patients with hypertension, peripheral vascular disease, cardiac failure 
or cardiac hypertrophy. 

In normotensive subjects, or in hypotensive individuals (either through the effect 
5 of other drugs, through natural phenotype, or through disease states such as sepsis or 
septic shock) any further reduction in blood pressure or other systemic effects of RAS 
antagonists might be disadvantageous. Under such circumstances, the use of lipophilic, 
or even highly lipophilic, agents may have advantages in enabling tissue-RAS inhibition 
to be achieved without effect on systemic blood pressure. That this can be done in 
10 animals has been shown by many groups. Indeed, even in a profoundly hypertensive 
animal model, 5 ng/kg/day of ramipril administered to rats had no effect on systolic blood 
pressure. This technique of using very low doses of a lipophilic ACE inhibitor has also 
been applied to humans: a low dose of ramipril could produce significant biological effect 
without any recordable effect on systemic blood pressure (41). 
15 The invention contemplates the use of compounds which are essentially non- 

lipophilic, or only moderately lipophilic, but which have been rendered more lipophilic 
either chemically, such as by appropriate derivatisation, or physically, such as by 
formulation with lipophilic carriers or delivery systems. 

Compounds having activities as described above are useful, in accordance with 
20 the invention, for promoting metabolic function or efficiency and hence improved 
biochemical and mechanical function. This may be achieved through a variety of 
mechanisms (above) which may include: 

improved blood supply (and hence substrate supply); 
increased substrate uptake {e.g. of glucose or oxygen); and/or 
25 * improved cellular efficiency in the use of these substrates (e.g. achieving 

the same mechanical or biochemical work for the use of less oxygen or 
metabolic substrates). 
The first two examples may be regarded as improved metabolic function, and the 
third may be regarded as improved metabolic efficiency. 
30 In particular, it is envisaged that the invention will be useful in treating those 

conditions, and addressing those situations, in relation to which it was discussed above 
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that there was currently an unmet need. These include treating wasting diseases, 
promoting trainability and fitness, and altering body composition and/or morphology. 
Generally speaking, a RAS inhibitor may be administered at any effective but tolerated 
dose, and the optimum dose and regimen can be established without undue difficulty by 

S essentially conventional trial work. Some general guidance follows, but ultimately the 
appropriate dosage and regimen of each drug for the various conditions within the ambit 
of the invention will be within the control of the clinician or physician. In general, 
compounds useful in the invention may be given by oral therapy (by mouth) or enteric 
therapy (administration through nasogastric, nasoenteric or other enteric feeding tubes) 

10 or parenterally, such as intravenously, for example by the addition of compound(s) to 
bags of parenteral nutrition. 

Generalised wasting: It has been discussed that many disease processes, including 
severe cardiac, renal, hepatic and malignant disease, respiratory disease, AIDS, and 
chronic or acute inflammatory processes such as severe sepsis (or septic shock) and 

IS autoimmune and connective tissue disorders, can lead to a generalised weight loss 
through a metabolic mechanism. The present invention enables the prevention or 
treatment of such conditions with the RAS inhibiting agents as described above. It is 
anticipated that low doses of such agents (e.g. <> 1.25mg of ramipril) may be effective. 
In principle, however, a similar strategy to that used in the treatment of heart failure 

20 would seem most likely to be used, namely a steady increase in dosage to a maximum 
tolerated. The major limiting factors in treatment may be: 

a. The development of cough in some individuals treated with an ACE inhibitor, 
although switch to another agent or class of agent might be possible; and/or 

b. A significant fall in blood pressure. At doses of 2.5mg ramipril (or equivalent of 
25 other agents), a first-dose fall in blood pressure occurs with the same frequency 

as is seen with placebo in trials of treatment of acute myocardial infarction, 
suggesting that in many this sort of dose would be safe. 
Appropriate doses for critically-vasodilated patients (such as those with septic 
shock) would be established following appropriate protocols known to those skilled in 
30 the art and/or by titration to an individual patient. . 
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Localised wasting: Dosage of the RAS inhibitor may be at the maximum tolerated dose, 
as in the published range for each agent for use in treating heart Mure or hypertensioa 
Low doses (such as 1 .25mg ramipril) may allow benefit without any significant 
hypotensive effect, as discussed above. 

5 Preconditioning: A suitable preventative strategy would involve giving those at risk of 
organ ischaemia (e.g. those with significant risk of myocardial infarction or stroke) a 
regular dose of the agents described. Those with known poor cardiac, skeletal muscle 
{e.g. ciaudicants) or cerebral flow might also benefit from treatment, through enhancing 
metabolic efficiency, and providing cellular protection to critically-ischaemic cells until 

10 such time as revascularisation might be considered. Dosage of the agent classes at the 
maximum tolerated dose, as in the published range for each agent for use in treating heart 
failure or hypertension. Low doses (such as 1 .25mg ramipril) may allow benefit without 
any significant hypotensive effect, as discussed above. It may be possible to use 
parenteral formulations to provide protection to those who have just suffered such an 

1 5 ischaemic event or to those about to undergo a procedure leading to ischaemia, such as 
angioplasty or cardiac bypass. 

Promotion of trainability and fitness: Dosage of a RAS inhibitor may be given at the 
maximum tolerated dose, as in the published range for each agent for use in treating heart 
failure or hypertension. Low doses (such as 1 .25mg ramipril) may allow benefit without 
20 any significant hypotensive effect, as discussed above. Administration of a RAS inhibitor 
to those with peripheral vascular disease might be expected to improve exercise 
endurance and possibly limb viability through a combination of the mechanisms 
contemplated herein. 

Alteration in body composition and/or morphology: Dosage of a RAS inhibitor may 
25 be given at the maximum tolerated dose, as in the published range for each agent for use 

in treating heart failure or hypertensioa Low doses (such as 1 .25mg ramipril) may allow 

benefit without any significant hypotensive effect, as discussed above. 

As far as formulation and administration are concerned, it is expected that the 

various drugs useful in the invention could be administered in the same formulations as 
30 currently exist. New formulations might be developed with the express intent of being 

able to exert a predominantly tissue-effect without significant systemic hypotensive 
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effects, in the same way as has been described for low-dose ramipril, or for local tissue 
delivery or for intravenous or intra-arterial administration. Currently, there has been an 
emphasis on the oral administration of most of these agents. However, formulations to 
allow systemic parenteral administration may enhance the ability to treat the critically ill, 
5 or those undergoing interventions leading to vascular occlusion or low blood flow rates 
as indicated above. Additionally, new formulations (for example, for local delivery, as 
already mentioned) may become available. 

Administration of the active agent may be by any suitable route. As is 
conventional for ACE inhibitors at least oral administration may be preferred, especially 
10 for the purposes of achieving a prophylactic or preventative effect. In certain 
circumstances, especially when a more immediate effect is required, intravenous 
administration may be preferred; for example, a subject who has just experienced an 
infarction may be given the active agent intravenously, not for the purpose of remodelling 
but to alleviate local oxygen demand and thereby facilitate treatment. Suitable 
1 S formulations for intravenous administration will be evident to those skilled in the art. 

In the above discussion, indicative doses have been given, by way of example 
only, as optimal doses may be established experimentally and/or clinically. It should be 
noted that useful doses in accordance with the invention may be below optimal anti- 
hypertensive doses or even below effective anti-hypertensive doses. 
20 The optimum frequency of dosage and duration of treatment may also be 

established experimentally and/or clinically. Again by way of example, oral ramipril may 
be given once daily for an appropriate period of time. Frequencies of dosage for other 
compounds useful in the invention will vary, and will depend on, among other things, the 
pharmacokinetics of the compound in question. 
25 The invention enables the provision of a method of promoting metabolic function 

or efficiency, the method comprising administering to a subject an inhibitor of the renin- 
angiotensin system. The inhibitor will generally be administered in an amount which is 
non-toxic or only acceptably toxic but which is effective to promote metabolic function 
or efficiency (or of course both). The subject will generally be human, but non-human 
30 animals may also benefit from the invention. Promotion of metabolic function or 
efficiency may be undertaken, for example, for therapeutic, prophylactic, social, military, 
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recreational or other purposes. Preferred features of such a method of treatment are as 
described above. 

Other aspects of the invention include: 

a method, which may be a non-therapeutic method, of promoting 
5 metabolic trainability or fitness in a healthy subject, the method 

comprising administering to the subject an inhibitor of the renin- 
angiotensin system; and 

a method, which also may be a non-therapeutic method, of altering body 
composition and/or morphology in a healthy subject, the method 
10 comprising administering to the subject an inhibitor of the renin- 

angiotensin system. 

By way of illustration of circumstances in which this invention may be used, 
mountaineers may take ramipril at low dose (1.25-2.5mg) for 4 weeks prior to their 
departure whilst training, so as to improve their trainability, recognise any side effects 

1 5 prior to departure, and to load their tissues with the drug. They continue to take the 
drug whilst on their expedition. 

Another example is of an elderly, injured patient on a ventilator, who may be 
given a test dose of a short-acting ACE inhibitor (captopril), and side-effects (such as a 
decline in renal function or fall in blood pressure) watched for. The dose of ACE- 

20 inhibitor (given nasogastrically) is then increased to a maximal tolerated dose (such as 
20mg bd or enalapril, or lOmg od ramipril). It is intended that this intervention will slow 
the anticipated muscle wasting (both generalised systemic, and local wasting from disuse 
atrophy). 

A patient may be treated post-surgery, in the same way. Respiratory muscles are 
25 'trained' by steady reduction in mechanical ventilatory support, and this training is 
enhanced by the therapeutic use of the ACE inhibitor. 

A similar regime may be suitable for the treatment of a patient with low systemic 
oxygen levels due to severe lung injury from Adult Respiratory Distress Syndrome 
associated with a systemic inflammatory response syndrome, or severe smoking-related 
30 lung disease. It may also be used for a patient due to undergo coronary angioplasty, e.g. 
ramipril for 4 weeks prior to the procedure, for a patient who has suffered a coronary 
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occlusion, and is considered at risk of further events, or who has peripheral vascular 
disease. Further, it may be used to manage a patient who has suffered a femoral arterial 
occlusion and undergone angiography; an infusion of thrombolytic agent is administered 
into the femoral artery directly, along with an intraarterial ACE inhibitor at the same site, 

5 to improve muscle survivability as reperfiision occurs. Another example of a suitable 
subject for treatment is overweight, and who finds it hard to exercise and lose weight; an 
ACE inhibitor may be given, in association with an intensive exercise training 
programme. Yet another suitable patient has smoked heavily throughout his life and 
suffers intermittent claudication at a distance of only 150 yards. 

10 The invention may also be used in the treatment of subjects exhibiting severe 

cachexia, as has been observed in cases of TB, HIV, pleural effusion, meningitis, 
hepatitis, perforated stomach ulcer, liver cirrhosis, cellulitis, hepatoma, sickle cell anemia, 
appendicitis, sinusitis, dysphagia, abcess, pneumonia, chronic diarrhoea, encephalopathy 
and bone fracture. 

1 5 As will also be apparent from the present disclosure, the invention includes within 

its scope various screening methods, including a method of diagnosing or screening an 
individual for an inherited predisposition to promotability of metabolic function or 
efficiency in a subject, the method comprising analysing detecting in the individual an 
allele of the ACE gene (DCP1) on chromosome 17q23. 
20 The invention therefore encompasses each of: 

A method of screening an individual for response to treatment or 
prevention of wasting; 

A method of screening an individual for response to cardiac 
preconditioning; 

25 A method of screening an individual for response to promoting 

trainability and fitness; and 

A method of screening an individual for response to altering body 
composition and/or morphology; 
wherein, in each case, the method comprising analysing detecting in the individual an 
30 allele of the ACE gene (DCP1) on chromosome 17q23. 
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In particular, such methods may comprise determining the presence (Insertion, 
I) or absence (Deletion, D) of a 287 base pair alu repeat sequence in intron 16. The 
methods may be carried out in vitro if appropriate. 

ACE gene I/D genotype may be determined in a number of ways. Most currently 

5 rely upon polymerase chain reaction amplification of genomic DNA which may be 
derived from a number of sources. Most commonly, blood or mouthwash are used. 
Different primers allow specific amplification of the D of I alleles, and the corresponding 
fragments are then separated, usually by electrophoresis. One example of a suitable 
technique is disclosed in Montgomery et al. y Circulation 96(3) 741-747 (1997), 

10 published 5 August 1997. 

By way of further elaboration, the I/D polymorphism may be identified by 
polymerase chain reaction amplification (PCR) and subsequent electrophoretic separation 
of fragments. Two PCR methods in particular may be used. The first-reported method 
of PCR amplification used two primers, has since been used in the majority of the 

1 5 published studies, e.g. as described by Cambien et al, Nature 359 64 1 -644 (1992). It has 
since become clear that this system is prone to systematic bias in that the shorter 
(deletion) fragment is preferentially amplified at the expense of the larger insertion (I) 
allele. This causes misclassification of a small proportion (5- 1 5%) of heterozygotes as 
beingD homozygotes(Shannmgamefa/,PC^ 3 120-121 (1993)). Such 

20 misclassification may be prevented by specific alterations in the PCR conditions (such as 
the addition of a denaturing agent such as desmethylsulphoxide, which increases the 
stringency of the reaction), or by the use of an insertion allele-specific third primer as 
described by Evans (Evans et al, Q. 1 Med 87 21 1-214 (1994)). 

A 3 -primer PCR system, with primers as described by Evans (Evans et al, loc cit, 

25 1994) may have a modified protocol as subsequently described: Two priming 
oligonucleotides flank the insertion sequence in intron 16 and a third oligonucleotide is 
specifically within the insertion sequence. This method yields shorter allele fragments. 
This, together with I-allele-specific amplification, eliminates the mistyping of 
heterozygotes as DD homozygotes. We used primer ratios corresponding to the 50pmol 

30 ACE1 (5' or left hand oligo) and 3 (3* or right hand oligo) and 1 5pmol ACE2 (insertion 
specific oligo) used by Evans et al in a 50jil reaction, giving amplification products of 
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84bp for allele ACE D and 65bp for allele ACE I. Our amplification conditions were as 
follows: 1 cycle 95°C 5 min; 40 cycles 95°C 1 min, 50°C 1 min, 72°C 5 min, 20jil PCR 
reactions contained 50mM KC1, lOmM Tris HC1 pH 8.3, 1.5mM MgCl* O.Olmg/ml 
gelatin, 200nM each dNTP, 0.2 units Taq polymerase (Gibco BRL, Paisley, UK) and 

5 8pmol of primers ACE1 and ACE3, outside the insertion (Alu) sequence, and 2.4pmol 
of primer ACE2, inside the insertion sequence. Reactions were overlaid with 20\xl 
mineral oil. All 96 wells were always filled with reagents (mix or dummy reagents) to 
ensure constant thermal mass on the block. Amplification products were visualised using 
electrophoresis on 7.5% polyacrylamide gels. The accuracy of our genotyping was 

1 0 confirmed under conditions previously reported (O'Dell, Humphries et al, Br. Heart J. 
73 368-371 (1995)), such that replica PCRs set up using only the primer pair ACE1 and 
ACE3, both at 8pmol per 20\i\ PCR reaction, always confirmed the presence of the D 
allele. 

DN A fragments were separated using agarose gel electrophoresis (in the case of 
15 the 2-primer system), and electrophoresis on an 8.4% polyacrylamide gel (in the case of 
the 3 -primer system). Fragments were identified by the incorporation of ethidium 
bromide into the gels, and viewing under ultraviolet light. 

Preferred features of each aspect of the invention are as for each other aspect 
mutatis mutandis, 

20 Large interindividual differences in plasma ACE levels exist, but levels are similar 

within families (42), suggesting a strong genetic influence in the control of ACE levels. 
The human ACE gene (DCP1) is found on chromosome 17q23 (43) and contains a 
restriction fragment length polymorphism (44) consisting of the presence (Insertion, I) 
or absence (Deletion, D) of a 287 base pair alu repeat sequence (45) in intron 16 (46). 

25 D allele frequency is approximately 0.57-0.59 (43, 45). 

This I/D polymorphism has been shown to influence circulating ACE levels. 
Amongst 80 healthy Caucasians, the polymorphism accounted for 47% of the variance 
in plasma ACE, although considerable overlap existed between groups (44). Tissue ACE 
levels might be similarly influenced. T-cells express ACE. The facts that most of the 

30 ACE activity is microsomal, and that B-cells lack ACE mRNA expression while 
monocyte ACE levels are 28-fold lower, support the conclusion that T-cell ACE activity 
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is due to cellular synthesis not passive adsorption from the circulatioa ACE activity 
in those of DD genotype is 75% and 39% higher in plasma and T-lymphocytes, 
respectively, than in those of II genotype (47). Local ATE generation in human internal 
mammary artery may also be increased in those of DD genotype (48). Cardiac ACE 
5 activity may be similarly influenced (49). However, there is no evidence of an association 
of ACE genotype with circulating ATII levels (50). These data suggest an influence of 
the I/D polymorphism on tissue and plasma ACE activity. Increasing D-allele burden 
might thus be associated with increased 'net RAS activity 1 in tissue systems. Any 
phenotype critically-regulated by tissue RAS may be more prominent within a population 
1 0 amongst those of DD genotype if tissue ACE levels are the rate limiting step in the tissue 
RAS. Many physiological stimuli cause induction of RAS (including ACE) gene 
expression. Prospective studies of polymorphism influence on the phenotypic response 
to a physiological challenge therefore allow not only elucidation of a role for tissue RAS 
in the control of that phenotype, but also examination of the molecular control of tissue 
1 5 ACE expression. For instance, if the D allele is associated with more responsive gene 
transcription, any given physiological challenge will cause a disproportionate change in 
RAS-dependent phenotype in association with the D allele. 

The present invention is not restricted to administration of active agents to 
individuals of a particular genotype. However, it is evident that the benefits of the 
20 invention may be seen in circumstances where there may be elevated levels o£ say, ACE. 
This lends support to the invention. A study was conducted, in which various parameters 
were measured, at the start and end of a 10 week physical training period in male 
Caucasian military recruits. A possible influence of ACE genotype on systolic blood 
pressure is seen in the cohort as a whole, i.e. amongst the individuals who completed 
25 training. This trend is not statistically significant prior to training (p for heterogeneity = 
0.35), but approaches significance at the end of training (p for heterogeneity = 0.07) 
when systolic blood pressure for those of II genotype was significantly lower than those 
of DD genotype (122.7 ± 1 .4 vs. 1 18.0 ± 1.5 mmHg: p<0.05). Diastolic blood pressures 
did not differ before or after basic training between those of different genotype (pre- 
30 training 70.3 ± 1.37 vs. 70.6 ± 0.8 vs. 69.4 ± 1.3 mmHg, p=0.75: post-training 69.7 ± 
1.23 vs. 70.1 ± 0.81 vs. 69.9 ± 1.23 mmHg, p=0.96: for E, ID and DD respectively). 
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In another study, the upper limb performance of army recruits was observed, 
since they are specifically trained for power during army basic training. Tests were 
conducted at selected timepoints, i.e. the start of training, mid-training (S weeks), and 
end-training (10 weeks). 
S For paired data on calf strength, there was a suggestion of a genotype effect. 

Mean of .paired percentage changes were 7.6 ± 14.1 vs. -6.4 ±4.1: p=0.19. 

At the start of training, there were no differences in biceps power (109.4 N ± 8.5 
vs. 1 1 1 .5 N ± 5.6 for II vs. D-allde: p=0.86). However, at the end of training, there had 
been a significant improvement in both groups, but to a much greater degree amongst 
10 those of II genotype (198.7 ± 26. 1 vs. 141 ± 9.37 for II vs. D-allele: p=0.01). The mean 
percentage change was 77.0 ± 24.4% vs. 23.7 ± 6.2% for II vs. D-allele respectively: 
p=0.003). Mean changes for those of II genotype were 109.4 vs. 198.7, compared to 
109.8 vs. 144.9 for those of ID genotype, and 1 16.4 vs. 125.9 for those of DD genotype: 
n<ID, and n<DD with p<0.05 at end of training). The data are in duration of exercise 
15 (seconds). 

Data for press-ups were similar at start of training (mean 5 1 .2 ± 4.0 vs. 50.4 ± 2.4 
vs. 47.5 ± 4.3: n=29, 69 and 22: for II, ID and DD respectively: p>0.05 for all 
comparisons. At the end of training, the figures were 61.9 ±4.2 vs. 59.5 ±3.6 vs. 45.0 
± 6.2: n=19, 44 and 12: for II, ID and DD respectively: p<0.05 for II vs. DD and ID vs. 
20 DD). 

The change in VO^ax (from a baseline level similar across genotypes) was 
+0.055 ± 0.037 vs. -0.003 ± 0.021 vs. -0.068 ± 0.052: p<0.05 for H vs. DD). [V0 2 max 
is the maximal oxygen consumption (in ml) per unit time (min.).] 

Weight increased significantly more for those of II genotype than those with a 
25 D allele (by 2.9 ± 0.8% vs. -0. 1 ± 0.6%: ff=20 vs. 61 : p=0.01 : p<0.05 for II vs. ID). This 
is a balance of changes in fat and muscle, both of which might be differentially regulated 
by the ACE genotype. 

Percentage body fat was similar at the outset (8.6 ± 0.7% vs. 9.3 ± 0.3%: n=29 
vs. 93 for II vs. D allele: p=0.33). However, this changed by a fraction of 0.20 ± 0.09 
30 vs. 0.007 ± 0.003: n=20 vs. 58: p=0.02, i.e. U fractional fat content increased by about 
20% vs. less than 1% for those with a D allele. 
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Those with a D allele had a slightly lower lean body mass at outset (64.6 ±1.2 
vs. 62.5 ±0.67: n=29 vs. 93: p=0. 12), but this gap widened after training (65.9 ±1.3 vs. 
62.6 ± 0.82: n=19 vs. 57: p-0.046). 

Fat mass was similar at outset (6.18 kg ± 0.54 vs. 6.49 kg ± 0.26: n=29 vs. 93: 
5 p=0 57). Change in fat weight was genotype-dependent (0.73 kg ± 0.39 vs. -0.26 kg ± 
0.20: n=19 vs. 57: p=0.02), i.e. mean of percentage changes in body fat mass were an 
increase of 23% for those of II genotype vs. a change of just 1% amongst those with a 
D allele. 

In another study, 33 elite unrelated male British mountaineers with a history of 

10 ascents beyond 7000m without the use of supplemental inspired oxygen were identified 
by the British Mountaineering Council. DNA was extracted from a mouthwash sample 
of the 25 male respondents, and ACE genotype determined using a three-primer 
polymerase chain reaction (PCR) amplification (51). Genotype distribution was 
compared to that of 1906 British males free from clinical cardiovascular disease (52). 

15 Mean (SD) age was 40.6 (6.5) years in the 25 subjects, and 55.6 (3.2) years amongst the 
1906 controls. Both groups were in Hardy Weinberg Equilibrium. Both genotype 
distribution and allele frequency differed significantly between climbers and controls (p 
0.02 and 0.003 respectively), with a relative excess of II genotype and deficiency of DD 
genotype. Amongst the 1 5 climbers who had ascended beyond 8000m without oxygen, 

20 none was of DD genotype [6 (40%) II and 9 (60%) ID: I allele frequency 0.65]. Further, 
ranked by number of ascents without oxygen, the top performer climbing over 8000m 
was of II genotype (5 ascents, compared to a mean of 2.4+0.3 ascents for the > 8000m 
group, or 1 .44+0.3 ascents for the climbers overall), as were the top two in this group 
for number of additional 7000m ascents (>1 00 and 1 8, compared to a mean of 10.3+6.5 

25 ascents). 

Further, among athletes, an excess of the I allele is found amongst endurance 
runners, and an excess of the D allele amongst sprinters. Provisional data suggest that 
the D allele is found in excess in athletes in whose sport power (rather than endurance) 
plays an important role. 
30 These data suggest that many aspects of human physical performance may be 

associated with the I allele, and thus with lower tissue ACE levels. Thus, total cardiac 
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work is higher per unit of external work amongst those with two D alleles than those 
without, and ability to train to improve calf strength, biceps power, and press-ups were 
all associated with the I allele, with trainability being graded as H>ID>DD. These 
changes in performance may be partly related to changes in body composition, with a 
S preservation of body mass and slight overall anabolic effect being associated with the I 
allele when compared to a lack of anabolism (or slight catabolic effect) being seen in 
those with a D allele. The marked changes in performance by genotype with more 
modest changes in muscle mass suggest that there is not only a genotype-associated 
effect on performance mediated through muscle bulk per se, but also an effect mediated 
1 0 through efficiency of muscle metabolism This hypothesis is supported by the genotype- 
effect on energy stores in the form of fat. 

Since the I allele is a surrogate marker for lower tissue ACE levels, it would seem 
likely that increased skeletal muscle performance, metabolic performance, limitation of 
catabolism, and promotion of anabolism may all be achieved by reducing tissue RAS 
15 activity pharmacologically. Both the inhibition of kinin degradation and antagonists to 
receptors for ATU might be expected to have such effects. The above data therefore 
suggest a metabolic role for human renin-angiotensin systems which has significant 
effects on the human as a whole. 

In hindsight, although there are data in the prior art to support possible beneficial 
20 effects on muscle blood flow and glucose uptake in diseased states, there are no data to 
suggest any clinically or physiologically significant effects on whole body morphology, 
muscle or whole human physical performance, or on overall nutritive or morphological 
state. The data, however, do provide support and potential scientific rationale for the 
present invention. 

25 These data suggest that endurance performance may indeed be improved by 

treatment with the specified agents. Pure power performance might also be improved, 
but possibly less effectively. The effects on mixed sport might depend very much on the 
relative contributions of power and endurance to success. 

There might be a number of means through which the observed and anticipated 
30 effects might be mediated. These include: 

(i) an increase in blood flow to tissues through vasodilation; 
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(ii) an increase in blood flow to tissues through angiogenesis (the growth of 
new vessels); 

(iii) subsequent on (i), a fall in peripheral vascular resistance and an increase 
in cardiac output; 

5 (iv) an increase in metabolic fuel (oxygen, fats, carbohydrates, and amino 

acids) uptake by tissues; 

(v) an alteration in the balance of the fuel utilised (such as, for example, a 
shift towards the use of fatty acids from which more energy can be derived than 
from equivalent amounts of glucose); 
1 0 (vi) an alteration in the supply of fuel from, for example, fat and liver stores; 

(vii) a primary shift in both qualitative and quantitative substrate metabolism 
(such as lactate metabolism) and energy store release (such as fatty add release) 
by metabolically active tissues including the liver, 

(viii) a change in skeletal muscle cell type, reflected perhaps in a change in the 
1 5 relative numbers of type I and type II myocytes. This may be an important factor 

in the changes in performance which we are seeing. 

(be) a change in the numbers of mitochondria within cells; 

(x) a change in the efficiency of metabolism within a cell or organism, 

reflected by the ability to perform more external, mechanical, or biochemical 
20 work for a reduced utilisation of oxygen or metabolic substrate or energy. 

Other mechanisms may also apply. 

The following Examples illustrate the invention and the evidence on which it is 
based, and also show how it may be put into effect in particular instances. 
Example 1 

25 This Example demonstrates that ACE inhibitors increase the mitochondrial 

membrane potential of cardiomyocytes. It is based on observation of the potential 
difference (AT^ across the inner mitochondrial membrane that is generated by the 
extrusion of protons to the outside of the mitochondrion during the transport of electrons 
from electron-carrying coenzymes to molecular oxygen. Part of the energy stored in 

30 A¥ m is utilised to support the synthesis of most of the ATP derived from aerobic 
metabolism. Thus, AT m is an indicator of the energisation state of the mitochondrion, 
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and also of the efficiency of oxygen utilisation to generate chemical energy. To 
investigate whether some of the therapeutic properties of ACE inhibitors could be 
accounted for by an increase in this parameter was examined in rat cardiomyocytes, 
following pre-treatment with the ACE inhibitor lisinopril. 

5 More particularly, cardiomyocytes were isolated from new-born Sprague-Dawley 

rats hearts and maintained in 30 mm tissue culture dishes in the presence of DMEM 
supplemented with 1% foetal calf serum at 37°C in a humidified 5% C0 2 atmosphere. 
For experiments, cultures were treated with 1 jiM lisinopril or with an equivalent amount 
of vehicle for various lengths of time, before analysis of A¥ m . 

10 To measure AT^ the mitochondrial-specific probes rhodamine 123 (Rhl23) and 

S^^e-tetracMoro-lJ^^etrae^ iodide (JC-1) were 

used. Cells were incubated for 1 5 min with 2.5 \iM Rhl23 or for 10 min with 10^g/ml 
JC-1 (Molecular Probes) in fresh culture medium, at 37°C and 5% C0 2 . The cells were 
then washed twice with cold PBS, resuspended by trypsinisation and stored in the dark 

15 at 4 ° C until the time of analysis (usually within 3 0 min). Flow cytometry was performed 
on a FACScan instrument. Data were acquired and analysed using Lysis II software 
(Becton Dickinson). 
Results: 

Cationic lipophilic fluorochromes such as Rhl23 serve as reporter molecules to 
20 monitor mitochondrial activity. These dyes accumulate in the mitochondrial matrix in 
accordance with the Nernst equation. When used in combination with flow cytometry, 
they are effective probes to estimate changes of A¥ m in intact cells. As shown in Figure 
1, pre-treatment of cardiomyocytes with 1 \iM lisinopril for 36 hours caused an increase 
in Rhl23 fluorescence of about 30%, indicating that ACE inhibition induced an increase 
25 inA¥ m . 

JC-1 is a more reliable and sensitive fluorescent probe for assessing changes in 
A*P m . At low concentrations, JC-1 exists mainly in a monomelic form which is 
characterised by the emission of green fluorescence. Upon accumulation in the 
mitochondrial matrix JC-1 forms J-aggregates in proportion to the magnitude of A*F m . 
30 These aggregates are characterised by the emission of red fluorescence. Thus, an 
increase in the red to green fluorescence ratio indicates an increase in A¥ m . Figure 2 
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shows that treatment of rat cardiorayocytes with 1 jiM lisinopril for various lengths of 
time caused a progressive increase in red fluorescence (•) with a corresponding decrease 
in green fluorescence (°). Thus, the ratio of red to green fluorescence (°) increased as 
the time of incubation with lisinopril progressed. 
5 These experiments demonstrate that treatment with ACE inhibitors increases 

A*P m . This indicates that ACE inhibitors may protect against ischaemic situations and/or 
improve mechanical/biosynthetic performance by increasing the efficiency of energy 
transduction in the mitochondrion. 
Example 2 

10 Ninety military recruits were studied before and after military training of 12 

weeks duration. These were randomised to receive the ATI-receptor antagonist 

Lo saltan or placebo. 

There was a consistent trend for the recruits to improve their V02max at 

anaerobic threshold, although a distinction was observed, according to genotype. The 
1 5 results shows a gain of 2. 1 ± 6.8 ml/min for II genotype on placebo vs. -1.1 ±6.5 ml/min 

for DD genotype on placebo, and a gain of 0.3 ± 6.3 ml/min for II on losartan vs. -1 .8 

± 6.3 ml/min for DD on Losartan. When combined, the difference in gain was 1 .3 ± 6.6 

ml/min for II on vs. -1 .4 ± 6.4 ml/min for DD: p 0.07). 

The data for V02max showed a similar trend, as did measures of muscle fatigue. 
20 These data are consistent with an enhanced ability, especially for those of II genotype 

(and thus lower ACE activity) to achieve higher workloads, before reaching anaerobic 

threshold, and therefore to be more resistant to fatigue in situations of moderate to 

intense exercise. 

Example 3 

25 The bioactive element of the renin angiotensin system (RAS) is angiotensin II (AT 

II). Elevations of AT II in plasma or in local tissue would indicate conditions in which 
inhibition of the RAS may have significant therapeutic benefit even where partial 
inhibition of the RAS has been achieved (such as by therapy with ACE inhibitors). 

ATT II was measured as follows: Blood samples were collected after supine rest 

30 of at least 10 minutes. An antecubital polyethylene catheter was inserted and 10 ml of 
venous blood were drawn. After immediate centrifugation, aliquots (EDTA plasma 
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sample) were stored at -70°C until analysis. Angiotensin II was measured using a 
commercially available radioimmunoassay (IBL, Hamburg, Germany, sensitivity 1.5 
pg/ml). After extraction of the plasma samples, AT II is assayed by a competitive 
radioimmunoassay. This radioimmunoassay is using a rabbit anti-AT II antiserum and 

5 a radio-iodinated AT EL tracer. Bound and free phases are separated by a second 
antibody bound to solid phase particles, followed by a centrifugation step. The 
radioactivity in the bound fractions is measured and a typical standard curve can be 
generated. The test has a cross-reactivity with AT 1 of <0. 1% and a within and between 
run reproducibility between 3 .9 and 8.6%. The reference range for healthy subjects is 20 

10 to 40 pg/ml. 

A variety of cachectic conditions, for instance due to chronic heart failure, AIDS, 
liver cirrhosis, and cancer has been studied. Results are presented in Figure 3, where the 
bars (from left to right) relate to AIDS cachexia (n = 6), cancer cachexia (n = 7), cardiac 
cachexia (n = 17), idiopathic cachexia (n = 2), liver cirrhosis cachexia (n = 6), 

1 5 malnutrition (n = 6) and non-cachectic heart failure (n = 1 1). 

Activation of the RAS has been found, in the cachectic conditions, as evidenced 
by elevated plasma AT n levels (mean AT II plasma levels were clearly above the upper 
limit of the normal range of 20 to 40 pg/ml). This is not dependent on any specific 
aetiology for the cachectic disorder, in fact, elevated AT II plasma levels (i e RAS 

20 activity) are also found in cases of idiopathic cachexia, i.e. cachexia of unknown origin. 
Nevertheless, activation of the RAS is apparently specific for cachectic disorders, as it 
is not seen in patients with a similar degree of weight loss consequent upon malnutrition. 
Example 4 

Experiments were conducted, to demonstrate that the blockade of the RAS is of 
25 benefit for cachectic patients, even if previously treated with an ACE inhibitor. Patient 

1 had cachexia due to chronic heart failure (CHF) (age 74 years, male, weight 50.0 kg, 
height 178 cm, previous weight loss 15.3 kg in 3 years = chronic weight loss). Patient 

2 had CHF and a muscle myopathy suffering from idiopathic cachexia (age 38 years, 
male, weight 62 kg, height 180 cm, previous weight loss 1 1 kg in year = recent weight 

30 loss). Each was treated with Losartan (50 mg once daily). Clinical status and parameters 
of body composition, strength and treadmill exercise capacity were studies, at baseline 
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and during follow-up. Both patients had evidence of CHF with impaired exercise 
capacity and impaired left ventricular function (LVEF <40%). Both patients had a good 
compliance. 

Bioelectrical impedance analysis (patient 1 and 2) was performed in the erect 

5 position using a body fat analyser (T ANITA TBF-305, Tanita Corporation, IL, USA). 
Lean and fat mass were automatically analysed based on equations supplied and 
programmed into the machine by the manufacturer. These equations are based upon a 
comparison with measurements in a health population. 

Dual energy X-ray absorptiometry (DEXA) (patient 1): Whole body DEXA-scans 

10 were performed using a Lunar model DPXIQ total body scanner (Lunar Radiation 
Company, Madison, WI, USA, Lunar system software version 4.3c). The subject was 
at each time point scanned rectilinearly from head to toe. A scan takes less than 20 min. 
The mean radiation dose per scan is reported to be about 0.75 nSv (53), about l/50th of 
a normal chest X-ray. The DEXA method can be used to obtain from body density 

15 analyses values of fat tissue mass, lean tissue mass. The technical details of DEXA, 
performance and segment demarcation have been described (54,55). The error of lean 
tissue measurements is >2% and of fat tissue measurements <5% (56). 

Treadmill exercise test (Patients 1 and 2): The patients underwent symptom 
limited treadmill exercise testing. A standard Bruce protocol with the addition of a 

20 "stage 0" consisting of 3 min at a speed of 1 mile per hour with a 5% gradient was used. 
The patients breathed through a one-way valve connected to a respiratory mass 
spectrometer (Amis 2000, Odense, Denmark) and minute ventilation, oxygen 
consumption and carbon dioxide production were calculated on line every 10 seconds 
using a standard inert gas dilution technique. Patients were encouraged to exercise to 

25 exhaustion. Exercise time and oxygen consumption at peak exercise adjusted for total 
body weight (peak V0 2 in ml/kg/min) were measured as an index of the exercise 
capacity. 

Assessment of quadriceps muscle strength (Patients 1 and 2): The subjects were 
seated in a rigid frame, with the legs hanging freely. An inelastic strap attached the ankle 
30 to a pressure transducer. The recording (Multitrace 2, §, Jersey, Channel Islands) from 
the pressure transducer was used to assess strength and to provide visual feedback to the 
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subject. A plateau of maximum force production indicated that the contraction was 
maximal. The best of three voluntary contractions on each leg, with a rest period of at 
least one minute in-between, was taken to represent the maximal voluntary quadriceps 
muscle strength of the right and left leg, respectively. 

5 Results include a follow-up of 126 days for patient 1 and 83 days for patient 2. 

Both patients were also studied at intermediate time points. Both patients improved 
during treatment by 1 NYHA symptom class. In both patients, the exercise capacity 
improved during the study (exercise time: patient 1 and 2, peak V0 2 : patient 2). There 
was evidence that in both patients, quadriceps muscle strength improved in both legs. 

10 These clinical benefits were achieved against the background of a weight gain of 4 .6 kg 
in patient 1 (lean and fat tissue gain), and by stopping the process of weight loss and 
apparently improving the general clinical status and relative muscle performance, i.e. 
muscle quality (patient 2). No side-effects of treatment were observed. 
Example 5 

1 5 The SOLVD treatment study (57) was a randomized, double-blind, and placebo- 

controlled trial investigating the effects of enalapril treatment in clinically stable patients 
with a LVEF of 35% or less and evidence of overt congestive heart failure. The precise 
details of study organisation, inclusion criteria, run-in period (2 to 7 days) and 
stabilization period (14 to 17 days), randomisation, treatment titration and follow-up 

20 have been reported previously (57). Based also on data not otherwise available, the 
results have been re-analysed, restricted to subjects who participated in the SOLVD 
treatment trial, who had been free of edema at baseline, who had survived for at least 4 
months thereafter, who had weight measurements at baseline and from at least one 
follow-up visit at 4 months or later. The baseline clinical characteristics of these 2082 

25 patients were not significantly different from the characteristics of the total study 
population. 

Of the 2082 patients, 1055 patients were randomised to treatment with enalapril 
(2.5 to 20mg per pay) and 1027 patients to treatment with placebo. Body weight at 
baseline and during follow-up were measured per protocol. Body height was not 
30 recorded. 
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Comparison of means between groups was carried out using an unpaired t-test. 
Comparison of proportions between groups was made by employing the chi-square test. 
With regards to the definition of the presence of cachexia different, a priori suggested, 
cut-points (58) of 5.0%, 7.5%, 10.0% and 15.0% weight loss were considered. To 

5 address the question of whether or not ACE inhibitors influence the risk of first 
occurrence of cachexia, the cumulative incidence of cachexia in the two treatment groups 
was plotted, and analysed employing the log-rank statistic (59). In the analysis of first 
occurrence of cardiac cachexia, at any given follow-up visit, absence of information on 
cardiac cachexia (i.e. weight not documented at this visit) is treated as censored. The 

10 effect of cardiac cachexia on survival is assessed using Cox proportional hazard analysis 
(58). For these analyses, cardiac cachexia is treated as a time-dependent covariate. The 
assessment of cardiac cachexia at 4, 8, and 12 months was used in the analysis. These 
are the time points in the follow-up period with relatively high proportion of complete 
information on cachexia status. 

1 5 The primary analysis was intention-to-treat. Statistical significance is claimed at 

a computed p-value <0.05 (two-sided testing). Estimates of effects are provided along 
with their 95% confidence intervals. Results are adjusted for a priori identified 
prognostic factors such as age, gender, NYHA functional class, LVEF (up to or more 
than 25%), and treatment status (enalapril vs placebo, in the case of assessing the effect 

20 of cardiac cachexia on survival). 

Of the 2082 CHF patients in this study, 657 (31.6%) developed up to 7.5% 
weight loss during follow-up. The cumulative frequency of cardiac cachexia increased 
continuously over time. The frequency of *7.5% weight loss (cross-sectional) at 1 year 
was 8.5% and it increased to 1 5.5% (2 years), and 17.2% (3 years). At baseline, patients 

25 who developed cardiac cachexia with * 7.5% weight loss during follow-up were 1 .3 years 
older (mean 61.2 vs 59.9, p<0.01), had 2.7 kg higher weight (mean 80.5 vs 77.8 kg, 
p<0.001), and they were slightly more frequently treated with diuretics (87.2 vs 82.6%, 
p<0.01). Of the patients in this study, 375 (18.0%) were female. Female CHF patients 
developed cardiac cachexia more frequently (39.5% vs 29.8% in males for * 7.5% weight 

30 loss, p<0.00 1 ). Otherwise the baseline clinical characteristics, particularly with regards 
to NYHA class, LVEF, and disease etiology, of patients who developed cardiac cachexia 
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and those who did not were similar. The following clinical characteristics at baseline were 
independently related to the subsequent development of cardiac cachexia: age (RR , 
p<0.001), NYHA class, LVEF, and treatment 

The development of cardiac cachexia was closely related to subsequently impaired 
S survival. All a priori identified competitive cut-points for cardiac cachexia were related 
to impaired survival, independent of the effects of age, gender, NYHA class, LVEF, and 
treatment allocation. Of the 756 deaths observed during follow-up, 223 occurred in 
patients who had been classified as cachectic 0>7.5% weight loss) at the last visit prior 
to death, i.e. 29.5% of deaths in CHF patients occurred with cardiac cachexia being 
1 0 present. Amongst different cut-offs for cardiac cachexia between 5 and 1 5%, weight loss 
^6.5% was the strongest predictor of impaired mortality. The crude effect of cachexia 
(weight loss *6.5%) on survival was highly significant: RR 1.47 (95% confidence 
interval: 1.27 to 1.70), p=0.00000017. 

Patients who were allocated to treatment with enalapril had a significantly lower 
15 risk of developing cardiac cachexia during follow-up. The crude effect of treatment 
allocation with enalapril was significantly related to a reduced risk of developing cardiac 
cachexia: RR 0.81 (95% confidence interval: 0.70 to 0.95), p=0.0085. Treatment 
allocation to enalapril had a significantly beneficial effect on survival independently of the 
effect of age, gender, NYHA class, and LVEF also in this subset of patients of the 
20 SOLVD treatment trial (p<0.01). When adjusted also for the presence of cardiac 
cachexia (6.5% weight loss) at 4 or 8 months, the treatment effect remained significant. 
In patients who developed weight loss of at least 7.5% at any time point, only 1 0 patients 
with subsequently recorded weights equal to or higher than the baseline weight were 
found (enalapril group: 6, placebo: 4). 
25 This demonstrates that significant weight loss, i.e. cardiac cachexia, is a frequent 

event in CHF patients. Weight loss *7.5% occurs in about 1/3 of patients over 3 years. 
Spontaneous reversal of the weight loss is a very rare event occurring in less than 2% of 
cases. Cardiac cachexia is closely and independently linked to impaired survival of CHF 
patients. Treatment with an ACE inhibitor, enalapril, in addition to conventional therapy, 
30 reduced the frequency of the risk of death and the risk of developing cardiac cachexia. 
Overall, enalapril therapy reduced the risk of developing cardiac cachexia by 19%. 
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CLAIMS 

1 . The use of an inhibitor of the renin-angiotensin system for the manufacture of a 
medicament for the treatment or prevention of a condition associated with hypoxia or 
impaired metabolic function or efficiency. 
5 2. The use of an inhibitor of the renin-angiotensin system for the manufacture of a 
medicament for the treatment or prevention of stroke or its recurrence. 

3 . The use of an inhibitor of the renin-angiotensin system for the manufacture of a 
medicament for the treatment of acute myocardial infarction or its recurrence. 

4 . The use of an inhibitor of the renin-angiotensin system for the manufacture of a 
1 0 medicament for the treatment or prevention of wasting or cachexia or its recurrence. 

5 . The use of an inhibitor of the renin-angiotensin system for the manufacture of a 
medicament for the treatment of the symptoms and signs of ageing. 

6. The use as claimed in claim 1, wherein the condition is hypoxia during birth. 

7. The use of an inhibitor of the renin-angiotensin system enhancing metabolic 
15 function or efficiency or altering body composition and/or morphology. 

8. The use as claimed in claim 4, wherein the wasting is generalised wasting. 

9. The use as claimed in claim 8, wherein the generalised wasting is associated with 
ageing, cardiac, renal, hepatic or malignant disease or a chronic or acute inflammatory 
process. 

20 1 0. The use as claimed in claim 9, wherein the generalised wasting is associated with 
an inflammatory process selected from sepsis, septic shock or an autoimmune and 
connective tissue disorders. 

1 1. The use as claimed in claim 4, wherein the wasting is localised wasting. 

1 2. The use as claimed in claim 1 1 , wherein the localised wasting is associated with 
25 musculoskeletal or neurological injury. 

1 3 . The use as claimed in claim 1 or claim 3 , wherein the condition requires cardiac 
preconditioning. 

14. The use as claimed in claim 7, wherein the agent is for promoting trainability and 
fitness. 

30 1 5. The use as claimed in any preceding claim, wherein the inhibitor of the renin- 
angiotensin system is an inhibitor of angiotensin-converting enzyme ("ACE"). 
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16. The use as claimed in claim 15, wherein the ACE inhibitor is selected from 
quinapril, captopril, lisinopril, perindopril, trandolapril, enalapril, moexipril, fosinopril, 
ramipril, cilazapril lisinopril, imidapril, spirapril, temocapril, benazepril, alacepril, 
ceronapril, cilazapril, delapril, enalaprilat, fosinopril, moveltiprqil and trandolapril. 
5 17. The use as claimed in claim 15, wherein the ACE inhibitor is selected from 
quinapril, captopril, lisinopril, perindopril, trandolapril, enalapril, moexipril, fosinopril, 
ramipril, cilazapril and lisinopril. 

18. The use as claimed in claim 1 5, wherein the ACE inhibitor is ramipril. 

19. The use as claimed in any of claims 1 to 14, wherein the inhibitor of the renin- 
1 0 angiotensin system is an angiotensin receptor antagonist. 

20. The use as claimed in claim 1 9, wherein the angiotensin receptor antagonist is an 
AT, receptor antagonist. 

21 . The use as claimed in claim 20, wherein the AT, receptor antagonist is selected 
from losartan, valsartan, irbesartan, candesartan, eprosartan, tasosartan and telmi saltan. 

15 22. The use as claimed in claim 20, wherein the AT, receptor antagonist is selected 
from losartan, valsartan and irbesartan. 

23. The use as claimed in any of claims 1 to 14, wherein the inhibitor of the renin- 
angiotensin system is a neutral endopeptidase-inhibitor. 

24. The use as claimed in any of claims 1 to 14, wherein the inhibitor of the renin- 
20 angiotensin system is a renin-inhibitor. 

25. The use as claimed in any of claims 1 to 14, wherein the inhibitor of the renin- 
angiotensin system is an inhibitor of kinin degradation. 

26. The use as claimed in any of claims 1 to 14, wherein the inhibitor of the renin- 
angiotensin system is a kininase-inhibitor. 

25 27. The use as claimed in any preceding claim, wherein the inhibitor of the renin- 
angiotensin system is lipophilic. 

28 . A method of diagnosing or screening an individual for an inherited predisposition 
to promotability of metabolic fiinction or efficiency in a subject, the method comprising 
analysing detecting in the individual an allele of the ACE gene (DCP1) on chromosome 
30 17q23. 
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29. A method as claimed in claim 28, which is a method of screening an individual 
for response to treatment or prevention of wasting. 

30. A method as claimed in claim 28, which is a method of screening an individual for 
response to cardiac preconditioning. 

5 31. A method as claimed in claim 28, which is a method of screening an individual for 
response to promoting trainability and fitness. 

32. A method as claimed in claim 28, which is a method of screening an individual for 
response to altering body composition and/or morphology; 

33 . A method as claimed in any one of claims 28 to 32, which comprises determining 
10 the presence or absence of a 287 base pair alu repeat sequence in intron 16. 
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